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doi:10.1016/j.kjms.2011.05.004Abstract This article provides the history of arsenicosis in Mainland China and the research
situation in the recent 10 years. The first large area of arsenicosis caused by high levels of
arsenic in drinking water in Mainland China was discovered in Kuitun, Xinjiang Province, in
1983. The government attached great importance to arsenicosis and finally regarded it as
the epidemic disease throughout the nation in 1994. Until 2006, the survey areas of wells with
arsenic concentration greater than 50 mg/L in drinking water have involved 16 provinces in
Mainland China. The molecular epidemiological studies on relationship between arsenic
metabolism and manifestations of arsenicosis caused by chronic exposure to high level of
arsenic in drinking water and the studies on arsenic exposure and related health effects in
different arsenic exposure populations are summarized in this review.
Copyright ª 2011, Elsevier Taiwan LLC. All rights reserved.Introduction
Arsenic is a well-known environmental toxicant and has
been identified as a carcinogen in humans [1]. Arsenicosis is
mainly caused by chronic exposure to high levels of arsenic
in drinking water (drinking water type), and in some areas
of China, such as Guizhou and Shanxi provinces, by burning
arsenic-rich coal (coal-burning type). Chronic exposure to
arsenic has been shown to be associated with the devel-
opment of skin, lung, and bladder cancers [1], as well
as cardiovascular diseases, hepatotoxicity, diabetes,Er Road, Shenyang, Liaoning
du.cn (G. Sun).
vier Taiwan LLC. All rights reservintellectual function impairment, and chronic cough [2e4].
The drinking wateretype arsenicosis in Bangladesh was first
reported in 1996 and is now well known to the world.
However, in some regions of China, for example, Xinjiang
and Inner Mongolia, reports on arsenicosis date much
earlier. The investigation of arsenicosis in Mainland China
dates back to 1980s. However, these were unknown to the
world because of the limited exchanges and publications in
English. Here we introduce the developing history and the
recent research studies on the topic from Mainland China.
History of arsenicosis in Mainland China
The first large area of arsenicosis caused by high levels of
arsenic in drinking water in Mainland China was discovereded.
378 G. Sun et al.in Kuitun, Xinjiang Province, in 1983 [5]. The affected area
lies in the southwest of the Zhungaer Basin, winds its way
from the west of Aibi Lake to the east of Manasi River, and
covers 250 km in length where the groundwater is rich in
arsenic. It is a V-shaped plain. The southern and northern
parts are higher land, and the endemic area is located
in the lowest land that is arid but rich in deep groundwater
aquifers. Before 1962, residents mainly used the shallow
well water and surface water, but after the early 1960s,
many deep wells (more than 100-m deep) were drilled,
which were found to have an arsenic level greater than
50 mg/L. The population at risk was reported to be more
than 100,000, whereas more than 2,000 persons were
diagnosed as arsenicosis patients.
In 1989, Inner Mongolia was reported as another severe
epidemic region of arsenicosis in China. The affected areas
are in the southern part of Mountain Yinshan and the region
connecting the plain north of Yellow River and alluvial plain
of Heihe River, where the underground water is highly rich
in natural arsenic. It is a long and narrow land that covers
3,000 km2, winds from east to west, and links with the
northern epidemic areas of Shanxi Province. The use of
underground water began in 1978. More than 600,000
people in five cities and 678 natural villages were exposed
to arsenic. Nearly 3,000 people were diagnosed as patients
of arsenicosis at that time. Some deep wells were used to
reduce fluoride in drinking water with the unintended
consequence of introducing arsenic into the drinking water.
In some areas, residents in the same village were exposed
to the same level of arsenic in drinking water because of
the application of centralized tap-water system in each
village [6].Figure 1. High-arsenic-polluIn 1994, large epidemic areas of arsenicosis were
discovered in the north, middle, and south part of Shanxi
Province, including 10 counties and 129 natural villages,
during a nationwide investigation sponsored by the Ministry
of Health of China. Epidemic areas were mainly found in
Datong and Taiyuan Basins extending over 1,500 km2, with
roughly 55,000 persons at risk and around 5,000 patients
identified.Field survey of arsenicosis in recent years
The government attached great importance to arsenicosis
and finally regarded it as an epidemic disease throughout
the nation in 1994. A special consultative committee was
set up after that. A series of research institutes were
organized by the government to carry out research on
arsenicosis and mitigation to arsenic exposure. Our
research group, which was set up by then, completed a lot
of work since its establishment. We took part in the
investigation of arsenicosis situation in Mainland China and
carried out the research on arsenicosis prevention.
In 1998, the first diagnosis standard of arsenicosis in
China was formulated by a group of specialists in the fields
of clinic medicine, pathology, toxicology, and endemic
diseases. Our group attended the standard establishment.
The standard defines the grade of arsenicosis according to
the degree of skin pigmentation, regimentation, and
hyperkeratosis on the palms of the hands and soles of the
feet. High arsenic exposure means an arsenic concentration
in drinking water beyond 50 mg/L, which is the maximum
allowable concentration (MAC) of arsenic in rural China.ted areas in China, 2006.
Table 1 Distribution of iAs in drinking water in three
endemic provinces
Areas Well iAs,
>50 ppb
iAs(III),
50e100%
iAs(III),
<50%
n (%) n (%) n (%)
Inner Mongolia
Tiemengeng 20 15 (75) 18 (90) 2 (10)
Zhijiliang 6 3 (50) 5 (83) 1 (17)
Zhangfang 44 42 (95) 34 (77) 10 (23)
Shanxi
Silizhuang 33 10 (30) 8 (24) 25 (76)
Shanghexi 29 10 (34) 10 (34) 19 (66)
Anhui
Huangzui 29 28 (97) 26 (90) 3 (10)
iAsZ inorganic arsenic.
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a village) has at least one well with the arsenic concen-
tration exceeding 50 mg/L but no identified arsenicosis
patient. Once the patients are identified, the area is
defined as an epidemic area.
From 2001 to 2004, a nationwide survey of arsenicosis
was carried out in Mainland China. In the survey, a 10% well
water sample method was established by our group and
used nationwide, in which 10% of the wells are sampled
with collection from the east, west, south, north, and
middle parts of each village. Arsenicosis patients were
diagnosed according to the diagnosis standard introduced
earlier. Besides the known epidemic areas (Xinjiang, Inner
Mongolia, Shanxi, and Guizhou), new epidemic areas have
been found in Jilin, Ningxia, and Qinghai provinces. The
epidemic areas of arsenicosis involved eight provinces and
37 counties in Mainland China [7].
Up to 2006, the survey covered 20,517 villages in 292
counties in 16 provinces of Mainland China and found
21,155 (>5%) wells with drinking water having an arsenic
concentration greater than 50 mg/L [8]. High-arsenic-
polluted areas were found in 15 provinces, including
Shanxi, Qinghai, Sichuan, Inner Mongolia, Jilin, Xinjiang,
Gansu, Anhui, Jiangsu, Ningxia, Henan, Heilongjiang,
Yunna, Shandong, and Hunan (Fig. 1). The population
exposed to drinking water containing high levels of arsenic
was more than half a million in the investigated villages [8].
This is only the number estimated on the basis of the census
data from 1,294 villages in 13 provinces. Because the pop-
ulation of each village varies a lot, the whole population
actually using arsenic-rich water throughout the nation is
much more, but hard to estimate. In addition, the MAC of
arsenic in drinking water is now 50 mg/L in rural China. If
the 10-mg/L standard (recommend by the World Health
Organization) is adopted, there will be more people
considered to be the high-arsenic-exposed population.
Further surveys on arsenic concentration in well water
are being conducted. The central government of China has
committed 2 billion Renminbi for funding alternative water
supply and stove improvement projects from 2006 to 2011
in areas using water or burning coal containing high levels
of arsenic.
Related research progress at China Medical
University
Arsenicosis is such a severe public health problem in
Mainland China that the government invests a lot of
resources not only on mitigation of arsenic in drinking water
and coal but also on scientific research work. Our group isTable 2 Organic arsenic in drinking water of the endemic area
Water
samples
Monomethylated arsenic
(mg/L)
Dimethylate
(mg/
1 5.86 0
2 7.66 0
3 7.67 0
4 6.43 0
5 0 10.4responsible for two projects on arsenicosis recently. One is
the molecular epidemiological study on relationship
between arsenic metabolism and manifestations of arsen-
icosis caused by chronic exposure to high level of arsenic in
drinking water in China (supported by the National Natural
Science Foundation of China through grant number
30530640). The other is the study on arsenic exposure,
related health effects, and the evaluating technology
(supported by the National Science and Technology Pillar
Program of China during the 11th Five-Year Plan Period
through grant number 2006BAI06B04). Here, we introduce
some research progress related to the two projects.Arsenic species and trace elements in drinking
water of epidemic areas
We randomly chose pump wells from villages previously
reported as arsenic-endemic areas in Inner Mongolia,
Shanxi, and Anhui provinces. Arsenic species were deter-
mined with high performance liquid chromatographye
hydride generationeatomic fluorescence spectroscopy. As
shown in Table 1, in the total 161 wells sampled from three
provinces, the inorganic arsenic (iAs) was mainly trivalent
[iAs(III)] in the villages of Inner Mongolia and Anhui but
pentavelant in those of Shanxi. In five water samples from
Shanxi, apart from iAs, methylated organic arsenic, mono-
methylated arsenic, or dimethylated arsenic was also
detected; the percentage of organic arsenic in total arsenic
was from 6.09% to 12.15% (Table 2).s in Shanxi
d arsenic
L)
Total arsenic
(mg/L)
Organic arsenicals
(%)
48.25 12.15
77.65 9.86
81.32 9.43
105.54 6.09
105.61 9.85
Table 3 Trace elements in drinking water of the endemic areas in Shanxi (mg/L)
Elements Range Medium Reference Over range (%)
As 0.96e451.6 17.2 50 11 (37.9)
Fe 0e4615.0 401.0 300 16 (55.2)
Mn 2.2e360.5 106.9 100 16 (55.2)
Pb 1.2e57.6 4.1 50 1 (3.4)
Cu 2.7e15.4 6.8 1,000 0 (0)
Zn 0.7e482.9 9.1 1,000 0 (0)
Se 0e20.7 2.0 10 3 (10.3)
Hg 0.1e2.4 0.4 1 5 (17.2)
Cr 2.1e17.3 7.4 50 0 (0)
nZ 29d14 samples from Silizhuang village and 15 samples from Shanghexi village.
Figure 2. (A) PMI and (B) SMI in children and adults exposed
to different levels of arsenic in drinking water. PMIZ (MMA
þ DMA)/TAs and SMIZ DMA/(MMAþ DMA). )p< 0.05, com-
pared with control; #p< 0.05, compared with Group 3;
yp< 0.05, compared with Group 2; zp< 0.05, compared with
adults in the same group. Group 1: 78 adults and 29 children
exposed to 240 mg/L iAs in drinking water for 1 year; Group 2:
56 adults and 44 children exposed to 160 mg/L iAs in drinking
water for 9 years; Group 3: 50 adults and 47 children exposed
to 90 mg/L iAs in drinking water for 8 years; control group:
29 adults and 29 children exposed to iAs of less than 5 mg/L in
drinking water. DMAZ dimethylated arsenic; iAsZ inorganic
arsenic; MMAZmonomethylated arsenic; PMIZ primary
methylation index; SMIZ secondary methylation index;
TAsZ total arsenic.
380 G. Sun et al.To find out the distribution of trace elements in drinking
water in the arsenic-endemic areas, 29 water samples from
Shanxi were analyzed with coupled plasma mass spectrom-
etry. Contents of Fe, Mn, Hg, Se, and Pb in part of drinking
water samples exceeded the standard limits (Table 3); it has
not been understood whether the metals could be the
possible reason for aggravating arsenic poisoning.
Arsenic methylation in the exposed population
The susceptibility to arsenic toxicity and the manifestations
of the disease vary across individuals. Interindividual vari-
ability in arsenic biotransformation is considered to be the
key factor responsible for these differences. Epidemiolog-
ical studies have found associations between arsenic
methylation and arsenic-related health effects. Decline in
the ability of the body to perform secondary methylation of
arsenic has been shown to be associated with the devel-
opment of peripheral vascular diseases [9], bladder carci-
nomas [10,11], and skin cancers [12].
Our investigation in arsenic-polluted areas, such as Inner
Mongolia, has found that males and females were not
different in the arsenic methylation pattern, whereas chil-
dren had a greater capacity for secondary arsenic methyla-
tion than adults when exposed to the same level of arsenic in
drinking water (Fig. 2). For both children and adults, arsenic
methylation capacity was impaired by the exposure to high
level of arsenic in drinking water (Fig. 2). In addition, arsenic
methylation capacity decreased with the increase in the
dose rate or the time of arsenic exposure [13,14].
Significant correlations of arsenic methylation patterns
between siblings, as well as children and their parents have
been observed, which suggested that inherited factors
contribute to arsenic metabolism. However, the follow-up
study conducted in high-arsenic-exposed individuals also
revealed that the arsenic methylation capacity of individ-
uals within a certain population dramatically changed over
2 years [14]. This variation in relative methylation capacity
could not be explained by polymorphisms of arsenic
metabolismerelated genes and suggests that the effects of
exogenous factors on arsenic methylation capacity cannot
be ignored besides inherited factors.
Oxidative stress is considered as one of the important
pathogenic mechanism for arsenicosis. The associations of
arsenic methylation capacity with urinary 8-hydroxy-20-
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and superoxidedismutases activitywere observed in arsenic-
exposed population [15]. These results may show linkage
betweenarsenicmethylation capacity and oxidative stress in
humans and underlie the possible mechanism of relationship
between variability of arsenic methylation pattern and
susceptibility to arsenicosis.
MAC of arsenic in drinking water
The MAC of arsenic in drinking water is 50 mg/L in rural areas
of Mainland China, which is five times that recommended by
World Health Organization, and some developing countries
still adopt the concentration. Are there any health effects of
arsenic at concentrations between 10 mg/L and 50 mg/L on
human beings? What are they? Is it necessary to reduce the
standard being executed in Mainland China? The answers
remain unclear. One project of our research group aims to
evaluate the health effects of different arsenic concentra-
tions on human beings. Epidemiological studies in arsenic-
polluted areas are being conducted. Effects induced by
different concentrations of arsenic on the liver, kidney,
oxidative DNA lesions, and other biological alterations of the
exposed individuals, as well as the intelligence of children,
are being studied. The possible indicators that could be
detected as early biomarkers for arsenicosis are also inves-
tigated. At the end of the project, we would provide clues
for the new guideline of arsenic concentration in drinking
water to be drawn up by the government.
In conclusion, high level of arsenic exposure from
drinking water in China has a long history, and 50 mg/L of
arsenic in drinking water is still the MAC in rural China and
many other countries. Whether it should be changed to
10 mg/L is a subject of further research. Epidemiological
studies have found associations between arsenic methyla-
tion and arsenic-related health effects. Our results showed
both inherited and exogenous factors contributing to
arsenic metabolism, and exogenous factors on arsenic
methylation capacity may be more important.
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